Abstract.-Based on a one-dimensional model of shape-memory a1 loys, domain boundaries between martensite variants as well as between austenite and martensite are treated as s o l i t a r y waves.
Introduction.-The shape memory e f f e c t and r e l a t e d phenomena such as pseudoelastici t y are due t o a f i r s t order martensitic phase t r a n s i t i o n / I / . The high temperature phase ( a u s t e n i t e ) of most of the alloys (e.g. AuZn, AuCd, NiTi, CuAlZn) showing these e f f e c t s has an ordered bcc c r y
s t a l l a t t i c e (CsC1 or Fe3C1). The low temperature phpse (martensite) shows orthorhombic symmetry (9R, 18R, 3R, 2H). The phase-transition i s connected with a shear parallel t o the h a b i t plane (near (110) i n [ I l O I -d i r e c t~o n ) .
The martensitic phase t r a n s i t i o n can be induced not only by cooling but a l s o by applying an external s t r e s s which favours one of the martensite variants. According t o the f i r s t order phase t r a n s i t i o n we have h y s t e r e s i s i n the temperature as well a s i n the s t r e s s induced transformation. W e know from experiments t h a t inside the hyst e r e s i s loop the crystal shows a domain s t r u c t u r e t h a t i s , d i f f e r e n t martensitic and a u s t e n i t i c domains coexist. Changing temperature o r applied s t r e s s we a l t e r the equilibrium configuaration of the domains. Accordingly, some domains grow, by domain boundary movement, a t the expense of other ones. In the present paper, within the framework of a one-dimensional Ginzburg-Landau model, domain boundaries a r e treated as s o l i t a r y waves.
One-dimensional Ginzburg-Landau theory.-Qualitatively the observed phenomena i n shape-memory alloys such as pseudoelastici ty, f e r r o e l a s t i c i ty, l a t t i c e softening e t c . can be described by a one-dimensional model already. W e r e s t r i c t ourselves t o one h a b i t plane and t o a shear s t r a i n in one d i r e c t i o n , t h a t i s t o austenite and two martensite variants / 2 / . The crystal i s b u i l t up by stacking of atomic planes which a r e p a r a l l e l t o the h a b i t plane. For an homogeneously deformed c r y s t a l of constant temperature t h e following Landau f r e e energy density, with shear s t r a i n e serving as order parameter, proved t o agree with experiments 121
For FL, e , and temperature T, rescaled units are used. The rescaling parameters depend on the s p e c i f i c alloy /2/. FL(e,T) i s plotted, as a function of shear s t r a i n e f o r d i f f e r e n t temperatures i n Fig. 1 . For T > 1/12 FL has one a u s t e n i t i c (A) minimum a t e = 0 only. For T < -1/4 FL has two martensitic minima, corresponding t o the r i g h t and l e f t martensi t e twi n (M+, M-) . For -1/4 < T < 1/12 there are three minma , one a u s t e n i t i c and two martensitic ones. A t T = O a l l t h e minima a r e of equal depth t h a t i s , austeni t e and martensite are i n equilibrium.
If we deal with domain walls the Landau f r e e energy ( 1 ) does not make sense since we would get walls both of vanishing width and of vanishing energy, which is not confirmed oy experiments. This f a c t shows t h a t Landau f r e e energy is appropria t e t o s i t u a t i o n s only where the s t r a i n does not vary rapidly. In order t o desc r i b e domain boundaries we have t o add t o ( 1 ) a term containing the s t r a i n gradient e ' t o get a Ginzburg-Landau f r e e energy density From (2) we get the shear stress 0 and the couple stress p a ( e ,~) = a F/ae = 6e5 -4e3 + 2(T + 1/4)e u ( e 1 ) = 2e' S t a t i c w a l l s . -I f t h e r e i s no e x t e r n a l f o r c e and i f the s t r a i n does n o t change i n time the t o t a l f r e e energy o f the c r y s t a l i s given by where x denotes the stacking d i r e c t i o n i n rescaled u n i t s . x l and x? lare the boundaries o f the c r y s t a l . The s t r u c t u r e e ( x ) o f the domain w a l l s i s given by the minimum o f F The corresponding Euler-Lagrange equation reads t o t '
w i t h boundary conditions For a given length we get a spectrum o f periodon s o l u t i o n s enumerated by n which i s the number o f domain w a l l s
The prime denotes d e r i v a t i v e s w i t h respect t o x . Eq. ( 4 ) i s a nonlinear d i f f e r e n t i a l equation f o r the s t r u c t u r e e ( x ) o f the s t a t i c domain w a l l s which can be i n t e g r a t e d t o e ' = JFL(e) -F o ( 5 w i t h a constant o f i n t e g r a t i o n

w i t h i n the c r y s t a l . An example o f t h i s s o r t o f p e r i o d i c arrangement o f M+-M-twins i s p l o t t e d i n F i g . 2. I n t h e case o f A-M-walls (T> -1/4, F i g . 3) we have w i t h ei a r e the s o l u t i o n s 0 < el < e2 < e j o f ( 7 ) . The boundary c o n d i t i o n now y i e l d s
Again we g e t a spectrum o f periodon s o l u t i o n (Fig. 3 ) . 
n i s t h e number of A-M-walls w i t h i n t h e c r y s t a l . For an i n f i n i t e c r y s t a l we have from ( 6 ) f o u r types o f s t a t i c solutions namely
The t o t a l energy o f a l l t h e types o f s t a t i c domain w a l l s i s published elsewhere
Movin w a l l s -I f the w a l l s are moving we cannot expect temperature t o stay constant heat o f transformation. Instead we must deal w i t h the a d i a b a t i c case where entropy does n o t vary. However, q u a l i t a t i v e l y i n both cases we get the same r es u l t s . For convenience we s h a l l assume t h a t temperature i s f i x e d . Then we must extend the Ginzburg-Landau f r e e density ( 2 ) by k i n e t i c energy t o the Lagrangian -2 L = u / 2 -F(e,e',,T) where u i s the displacement which i s connected w i t h the s t r a i n e by (12)
The dot denotes time d e r i v a t i v e . By means o f Hamilton's p r i n c i p l e we g e t from (12) the equations o f motion w i t h boundary conditions Eq. (13) i s a nonlinear e v o l u t i o n equation, which, f o r an i n f i n i t e c r y s t a l s , has s o l i t a r y wave s o l u t i o n s , t h a t i s moving s t r a i n waves w i t h s t a t i o n a r y shape e(x,t) = e ( x -v t ) = e ( z ) w i t h f i x e d v e l o c i t y v. I n s e r t i n g t h i s ansatz i n t o (13) we g e t 2 v e " = ( a -u ' ) " where the prime denotes the d e r i v a t i v e w i t h respect t o the argument z. Tedious algebra y i e l d s the same f o u r types o f s o l u t i o n s as above (Fig. 4) . I n those models, t h e f r e e energy contains the displacement u, whereas i n t h i s model F depends on the s t r a i n e, t h a t i s on t h e d e r i v a t i v e o f u.
Fig. 1
Landau f r e e energy FL as a function of s t r a i n e f o r d i f f e r e n t temperatures T .
-? Structure of M+-M-domain wall S f o r temperat u r e T = -0.1 and lengttof t h e crystal L = 100. The s t r a i n is plotted over the coordinate x f o r n = 1 , 2 , and 12. 
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